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ABSTRACT:  Several  approaches  have  recently  been  developed  to  combine  a  computable  general 
equilibrium model (CGE) and a microsimulation (MS) model. These so-called CGE-MS models enjoy a 
growing interest because they build a bridge between macro- and microeconomic analyses. This paper 
focuses on the „top-down‟ approach. In this context, the CGE model is used to simulate the changes at 
the macroeconomic level after the policy change, which are then passed on to the MS model. The aim of 
this paper is to compare the „top-down‟ approach introduced by Bourguignon et al. (2003) based on a 
behavioural MS model with an alternative and simpler approach making use of a non-behavioural MS 
model in combination with a reweighting procedure. Both approaches are presented and applications are 
provided using South African data. We compare the results obtained with both approaches for a typical 
simulation  of  the  impact  of  trade  liberalisation  on  income  distribution.  The  reweighting  approach 
introduces  a  small  bias  in  the  results,  however  without  modifying  the  main  conclusions.  This  is  an 
indication  that,  given  its  relative  simplicity  compared  to  the  behavioural  approach,  the  reweighting 
approach can constitute a good alternative when data or time constraints do not allow the use of the 
behavioural approach and when the interest does not lie in the production of individual-level transition 
matrices. 
 






The  combination  of  a  computable  general 
equilibrium  (CGE)  model  and  a  microsimulation 
(MS)  model  enjoys  a  growing  interest  given  its 
ability  to  reconcile  macro-  and  microeconomic 
analyses.  Although  the  idea  of  combining  these 
two  types  of  model  can  be  traced  back  to  the 
1980s,  the  first  applications  only  appeared 
recently  due  to  the  technical  difficulties  involved 
and  high  computational  requirements.  Several 
approaches  have  been  proposed.  The  MS  model 
can  be  integrated  into  the  CGE  model  by 
increasing  the  number  of  representative 
households  (see  Decaluwé  et  al.,  1999  and 
Cogneau  and  Robilliard,  2000).  Although  this 
seems  to  be  the  ideal  approach,  the  data 
requirements  can  prove  to  be  large  and  full 
reconciliation  between  micro  and  macro  data  is 
essential.
1 Alternatively, a more flexible approach 
consisting  of  running  both  models  sequentially 
was  introduced  by  Bourguignon  et  al.  (2003).  If 
required,  this  approach  can  be  extended  to 
introduce feedback effects from the MS model to 
the CGE model until the two models converge (see 
Savard, 2004). 
 
This paper focuses on the „top-down‟ approach. In 
this  context,  the  CGE  model  is  used  to  simulate 
the changes at the macroeconomic level after the 
policy change, which are then passed on to the MS 
model.  The  latter  is  based  on  one  or  more 
household surveys so that the effects of the policy 
change can be assessed at the household level.  
 
Two types of MS model are used in this context. A 
distinction can be made between behavioural and 
non-behavioural models. The aim of this paper is 
to  compare  the  approach  introduced  by 
Bourguignon et al. (2003) with an alternative and 
simpler  approach  introduced  more  recently  by 
Buddelmeyer et al. (2008). The former approach, 
based  on  a  behavioural  MS  model,  is  the  most 
commonly  used  in  sequential  CGE-MS  models, 
while  the  latter  approach  makes  use  of  a  non-
behavioural  MS  model  in  combination  with  a 
reweighting procedure. However, both approaches 
have  the  advantage  of  allowing  for  changes  in 
employment and unemployment levels in the MS 
model,  which  is  central  to  the  analysis  of 
distributional changes.  
 
In  the  first  approach,  hereafter  called  the 
behavioural approach, the behavioural component 
of the MS model is used to reproduce the changes 
in employment as estimated by the CGE model. In 
this context, the behavioural component of the MS 
model is usually based on an econometric model 
for  discrete  labour  market  choices.  The  second 
approach,  hereafter  called  the  reweighting 
approach,  makes  use  of  a  non-behavioural  MS 
model and relies on altering the sample weights in 
order to reproduce the changes in employment as 
estimated by the CGE model. 
 
In  this  paper,  both  approaches  are  applied  to 
assess  the  effects  of  trade  liberalisation  on 
poverty and income inequality in South Africa. The 
aim is to compare the results obtained with both 
approaches.  This  exercise  is  particularly  relevant 
to the context of CGE-MS modelling since most of 
the  recently  developed  CGE-MS  models  (and 
many CGE models) are designed to simulate the 
effect of trade liberalisation on income distribution 
in developing countries.
2 
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First,  this  paper  discusses  some  aspects  of  the 
CGE-MS  literature  in  Section  2,  followed  by  a 
description  of  the  two  alternative  „top-down‟ 
approaches  in  Section  3.  Section  4  presents  the 
simulation results of the same hypothetical trade 
liberalisation scenario using both approaches, and 
the  estimated  impacts  on  households  are 
compared. The last section concludes. 
 
 
2.  THE  ‘TOP-DOWN’  CGE-MS  MODELS:  A 
BRIEF REVIEW OF THE LITERATURE 
 
CGE  models  are  unable  to  provide  detailed 
analysis  of  the  effects  of  a  policy  change  on 
income  distribution  because  representative 
household  groups  rather  than  individual 
information  are  used  (see  Savard,  2004).  The 
approach introduced by Bourguignon et al. (2003) 
to address this issue was followed by many since 
it allows for the effects of macroeconomic policies 
to be assessed at the household level.
3 Although 
Bourguignon et al. (2003) used a behavioural MS 
model,  alternative  approaches  based  on  a  non-
behavioural MS model were recently proposed by 
Ferreira and Horridge (2006) and Buddelmeyer et 
al. (2008). 
 
2.1 The behavioural approach 
Households  are  affected  by  macroeconomic 
policies  through  changes  in  prices  and  taxes. 
However, the largest effects are usually driven by 
the  changes  occurring  in  the  labour  market  in 
terms  of  earnings  and  employment.  Hence,  it  is 
particularly  important  to  account  for  changes  in 
the  labour  market  when  the  focus  is  on  income 
distribution.  In  the  behavioural  approach,  this  is 
achieved by passing the macroeconomic changes 
on to a behavioural MS model. Given any change 
in  the  macroeconomic  structure  of  the  economy 
predicted  by  the  CGE  model,  the  MS  model 
predicts how household incomes are affected while 
accounting  for  individual  heterogeneity  and 
allowing  individuals  to  adjust  their  behaviour  in 
response to the simulated policy change.  
 
A  wide  variety  of  behaviours  can  potentially  be 
modelled  depending  on  individual  or  household 
characteristics  (see  O‟Donoghue,  2001). 
Nevertheless, only a limited range of behavioural 
responses  has  been  considered  in  the  CGE-MS 
literature. In the model developed by Bourguignon 
et al. (2003) for Indonesia, individual occupational 
choices  consist  of  three  alternatives:  being 
inactive,  being  a  wage-worker,  or  being  self-
employed.  The  model  developed  by  Bussolo  and 
Lay (2003) is similar but there is a fourth option 
of  being  both  wage-employed  and  self-employed 
(in rural areas only). In Bussolo et al. (2005) the 
model  simulates  transition  from  agriculture  to 
non-agriculture.  The  MS  model  presented  by 
Hérault  (2006a,  2006b)  distinguishes  five 
occupational  choices:  inactive,  unemployed, 
subsistence  agricultural  worker,  informal  worker 
and formal worker. The recent CGE-MS model by 
Thierfelder  et  al.  (2007)  is  the  most 
comprehensive  as  its  occupational  component 
contains 16 choices combining formal and informal 
work,  three  skill  levels  and  three  sectors 
(agriculture, industry and services). 
 
In  all  these  behavioural  microsimulation  models, 
employment  is  endogenous.  Because  in  most 
cases employment is also endogenous in the CGE 
model,  some  constraints have  to  be  imposed  on 
the MS model in order to ensure consistency with 
the CGE results.  Indeed, it is important to allow 
the  MS  model  to  reproduce  the  changes  in 
employment  levels  as  estimated  by  the  CGE 
model because these changes can have potentially 
very large impacts on income distribution. In the 
papers  mentioned  above,  this  is  achieved  by 
adjusting  the  parameters  of  the  econometric 
model  determining  occupational  choices.
4  This 
method  enables  the  MS  model  to  reproduce 
changes  in  employment  probabilities  for  specific 
categories  of  individuals.  Depending  on  the 
specification  of  the  models  and  data  availability, 
employment changes are usually broken down by 
skill level, industry, sector and/or region. 
 
2.2 The reweighting approach 
Unlike  behavioural  models,  non-behavioural  (or 
arithmetic) models do not require the estimation 
of an econometric model since they do not allow 
individuals to adjust their behaviour in response to 
the  simulated  policy  change.  Therefore,  non-
behavioural  models  are  generally  less  complex 
and easier to develop. Rather than on behavioural 
responses,  the  emphasis  of  these  models  is  on 
reproducing the tax and transfer systems in a very 
detailed  manner  so  that  they  provide  a 
comprehensive picture of the transition from gross 
to  net  income  at  the  household  level.  Meagher 
(1993)  was  among  the  first  to  link  such  a  non-
behavioural  MS  model  to  a  CGE  model.  More 
recent  applications  include  Devarajan  and  Go 
(2001)  and  Agénor  et  al.  (2002).  This  approach 
was  recently  refined  to  allow  the  MS  model  to 
reproduce  changes  in  employment  and 
unemployment  as  estimated  by  the  CGE  model 
since these aspects are often found to be crucial 
factors regarding income distribution. Ferreira and 
Horridge (2006) present an application to Brazil in 
a  static  framework  while  Buddelmeyer  et  al. 
(2008)  provide  an  application  to  Australia  in  a 
dynamic  framework.  In  both  papers,  the  CGE 
employment  and  unemployment  changes  are 
passed  on  to  a  non-behavioural  MS  model  by 
adjusting  the  sample  weights.  The  procedure 
relies  on  adjusting  the  household  weights  in  the 
household  survey(s)  so  that  jobs  are  reallocated 
within  the  population  following  the  changes 
estimated  by  the  CGE  model.  In  particular,  this 
procedure can be used to account for changes in 
employment by gender, skill level, sector, region, 
occupation  or  potentially  by  any  variable  that  is 
available in both models. These dimensions can be 
combined  together  or  considered  separately.  For 
instance, Ferreira and Horridge (2006) consider a 
combination  of  27  regions,  42  industries  and  10 
occupations.  Buddelmeyer  et  al.  (2008)  only 
combine  8  regions  and  13  industries  but  the 
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population  projections  over  25  years  for  29  age 
groups by region and gender. 
 
Although  both  are  based  on  a  reweighting 
procedure, the approaches introduced by Ferreira 
and  Horridge  (2006)  and  Buddelmeyer  et  al. 
(2008)  differ  in  their  treatment  of  employment 
changes  in  the  MS  model.  Ferreira  and  Horridge 
(2006)  assign  the  new  jobs  to  the  unemployed. 
This  approach  requires  all  unemployed  to  be 
assigned  to  an  occupational  group.  Unemployed 
moving  into  employment  are  then  assigned  the 
average wage for their occupation and a random 
sector  consistent  with  sectoral  employment 
changes  by  region  and  occupation  estimated  by 
the  CGE  model.  In  the  case  of  a  decrease  in 
employment,  all  workers  in  the  affected  sector, 
region  and  occupation  are  affected.  These 
workers‟ records are split in two. One is recoded 
as  unemployed  and  given  a  share  of  the  initial 
sample weight so that the number of job losses is 
equal  to  the  estimate  from  the  CGE  model  by 
sector, region and occupation. 
 
Buddelmeyer et al. (2008) do not split individual 
records.  Instead,  they  adjust  the  weights  of  all 
workers in a given region and industry to reflect 
employment  changes  estimated  by  the  CGE 
model.  They  follow  the  procedure  introduced  by 
Deville and Särndal (1992).
5 The aim is to achieve 
specified  population  totals  for  selected  variables, 
subject to the constraint that the adjustments to 
the  original  weights  are  as  small  as  possible.  In 
other  words,  the  problem  is  to  minimise  the 
distance between new and old weights, subject to 
conditions  on  certain  weighted  sums. 
Buddelmeyer  et  al.  (2008)  use  the  chi-squared 
function  to  measure  the  distance  between  new 
and  old  weights.  The  constrained  minimisation 
problem must be solved using iterative methods. 
Following  Cai  et  al.  (2006),  Buddelmeyer  et  al. 
(2008)  use  an  approach  based  on  Newton‟s 
method  to  solve  the  corresponding  set  of  non-
linear equations.  
 
They  introduce  extra  constraints  in  the 
reweighting  procedure  to  ensure  that  the 
transmission  of  employment  changes  does  not 
distort  the  demographic  characteristics  of  the 
population.  This  could  happen  because,  for 
example, reweighting with regard to employment 
levels  could  affect  the  structure  of  the  base 
population by age and gender since workers are 
likely to have different characteristics compared to 
the  rest  of  the  population.  Moreover,  controlling 
for  the  demographic  characteristics  of  the 
population  is  particularly  important  for 
Buddelmeyer et al. (2008) since their model has 
to reproduce the population projections from 2005 
to 2030 underlying the simulations in the dynamic 
CGE model. 
  
The  approach  introduced  by  Buddelmeyer  et  al. 
(2008) has the advantage of limiting the changes 
in  the  original  sample  weights  whereas  the 
approach by Ferreira and Horridge (2006) has the 
advantage  of  allowing  for  the  traceability  of 
employment  changes  at  the  household  level, 




3.  OVERVIEW  OF  THE  MODELLING 
APPROACH 
 
The starting point is the CGE-MS model developed 
by  Hérault  (2006a,  2006b).  The  CGE  model  is 
based on the 2000 South African social accounting 
matrix  while  the  MS  model  is  based  on  the 
combination  of  two  household  surveys:  the 
Income and Expenditure Survey (IES) of 2000 and 
the Labour Force Survey (LFS) of September 2000 
(see  StatsSA  2001a  and  2001b).  In  its  original 
version,  the  CGE-MS  model  follows  the 
behavioural  approach  introduced  by  Bourguignon 
et al. (2003). In this paper, an alternative version 
is  developed  which  follows  the  reweighting 
approach presented by Buddelmeyer et al. (2008).  
 
In  both  approaches,  the  first  stage  consists  of 
running the CGE model to simulate the complete 
removal of  import tariffs.  The  model  returns  the 
new  macrostructure  of  the  economy  after  the 
policy  change.  In  the  context  of  the  „top-down‟ 
approach, three sets of variables are of particular 
interest:  consumer  prices,  returns  from  capital 
and labour, and employment levels. In the second 
stage, the changes in these variables are passed 
on  to  the  MS  model.  With  regard  to  prices  and 
capital  returns,  the  procedure  is  relatively 
straightforward,  because  these  variables  are 
exogenous  to  the  MS  model.  The  changes  in 
commodity prices and capital returns computed by 
the  CGE  model  are  simply  passed  on  to  the  MS 
model.  The  new  prices  are  used  to  compute  a 
household-specific consumer price index while all 
capital  incomes  are  updated  using  the  average 
change estimated by the CGE model. Likewise, the 
variations  in  average  earnings  by  skill  level 
determined by the CGE model are used to update 
predicted  earnings  of  all  working-age  individuals 
with the corresponding skill level in the MS model. 
However,  the  two  approaches  differ  in  the  way 




3.1 The behavioural approach 
The underlying selection model, which drives the 
behavioural  responses,  distinguishes  five  labour 
market  categories:  inactive,  unemployed, 
subsistence  agricultural  worker,  informal  worker 
and formal worker. This model takes the potential 
earnings  in  these  categories  into  account.  A 
regression  model  is  estimated  to  predict  formal 
and informal earnings. Finally, the results of both 
the selection and the regression model are used to 
compute household real net incomes. 
  
A  multinomial  logit  specification  is  used  for  the 
selection  model  (see  Maddala,  1983).  The 
probabilities  of  being  in  each  of  the  five  labour 
market categories are derived from an estimated 
implicit utility function. The utility associated with 
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individual characteristics, which include household 
and  individual  characteristics  such  as  skill  level, 
age, education, province of residence, racial group 
or household size. This utility function is estimated 
separately  for  four  demographic  groups:  single 
women,  partnered  women,  single  men  and 
partnered  men.  Therefore,  the  model  explicitly 
accounts  for  the  heterogeneity  of  behavioural 
responses  across  demographic  groups.  The 
addition of a random utility term makes the model 
probabilistic. Following Creedy et al. (2002:144), 
this  means  that  the  model  “does  not  identify  a 
particular  (…)  [labour  market  choice]  for  each 
individual after the policy change, but generates a 
probability  distribution  over  the  (…)  [labour 
market  choices]  used”.  This  probability 
distribution  is  conditional  on  the  observed 
category  corresponding  to  the  optimal  choice 
before the policy change. 
 
Even  though  the  changes  in  predicted  earnings 
and  capital  returns  already  imply  that  some 
individuals will switch from one sector to another, 
this does not ensure consistency between the two 
models  as  far  as  employment  levels  are 
concerned.  Instead,  some  specific  coefficients  of 
the  selection  model  are  modified  to  ensure  that 
changes in the number of formal workers by skill 
level in the MS model match those same changes 
in  the  CGE  model.
7  More  specifically,  the 
coefficients affected are those associated with the 
skill level in the equation defining the utility level 
in  the  formal  sector  (see  Hérault,  2006a).  The 
design  of  these  constraints  implies  that  the  MS 
model  determines  which  individuals,  among  the 
entire working-age population, will fill the need for 
more formal workers if the total number increases 
according  to  the  CGE  model.  Similarly,  if  the 
number  of  formal  workers  decreases,  the  MS 
model  will  search  for  the  individuals  with  the 
highest  estimated  probability  of  losing  their  job, 
among all formal workers.
8 
 
Regarding  informal  workers,  no  constraint  is 
imposed on the macro outcomes of the MS model 
because this segment of the labour market is not 
included  in  the  CGE  model.  Indeed,  only  the 
macro  outcomes  concerning  the  formal  sector, 
which  accounts  for  70  per  cent  of  paid  workers, 
are  imposed  on  the  MS  model.  As  a  result,  the 
number  of  people  in  the  four  other  sectors 
(inactive,  unemployed,  subsistence  agriculture 
and informal sector) is entirely determined by the 
MS  model  as  a  function  of  individual 
characteristics  and  as  a  function  of  the  required 
changes  in  formal  employment.  In  other  words, 
the  extent  of  mobility  across  sectors  is  freely 
determined  by  the  MS  model  at  the  individual 
level  without  macro-constraints.  The  degree  of 
mobility  of  each  individual  is  determined  by  the 
MS model depending on individual and household 
characteristics. If someone is likely to move from 
one sector to another, this will be represented by 
very similar values in the utilities associated with 
both sectors, so that a minor change in predicted 
earnings  could  imply  a  change  in  labour  market 
choices  (especially  because  earnings  are  an 
important determinant of sector choice). 
  
3.2 The reweighting approach 
The  reweighting  procedure  follows  Deville  and 
Särndal (1992) and its application to Australia by 
Buddelmeyer  et al. (2008). A calibration process 
produces  new  weights,  which  achieve  specified 
population totals for selected variables, subject to 
the constraint that there are minimal adjustments 
to the original weights. It comes down to solving a 
system  of  equations  with  the  same  number  of 
equations as there are constraints and where the 
number  of  endogenous  variables  is  equal  to  the 
number  of  households  in  the  MS  model.  In  the 
South African model, the reweighting procedure is 
designed  to  reproduce  formal  employment 
changes from the CGE model by skill level and for 
18  industries.  Additional constraints  are imposed 
to  ensure  that  the  main  demographic 
characteristics  of  the  population  remain 
unchanged.  These  demographic  characteristics 
include the racial composition of the population as 
well  as  the  age  structure  by  gender.  Four  racial 
groups (i.e. blacks, coloureds, Asians and whites) 
and  14  age  groups  are  considered.  In  total,  the 
reweighting  is  subject  to  121  constraints. 
Following  any  change  in  employment,  the 
reweighting procedure ensures that this change is 
reflected  in  the  new  sample  weights  while 
ensuring that the composition of the population by 




4. RESULTS AND ANALYSIS 
 
Both approaches are used to assess the impact of 
trade  liberalisation  in  South  Africa.  Trade 
liberalisation is simulated in the CGE model by the 
complete  removal  of  import  tariffs.  The  next 
section  provides  a  very  brief  presentation  of  the 
CGE results, which are then passed onto the MS 
model.
10 The aim is to compare household impacts 
as  estimated  by  the  two  alternative  „top-down‟ 
approaches discussed in the previous section. 
 
4.1 Macro results from the CGE model 
The  CGE  results  presented  in  Table  1  reveal  a 
positive  but  limited  impact  of  trade  liberalisation 
on the South African economy.  
 
The  lowering  of  import  prices  causes  a  shift 
towards imported goods and away from domestic 
production.  As  domestic  and  import  prices 
decrease,  the  real  exchange  rate  depreciates, 
which promotes exports. However, import growth 
remains  higher  than  export  growth,  which 
contributes  to  a  marginal  deterioration  of  the 
trade balance. The loss of import duties leads to 
an  increase  in  government  savings  by  0.7 
percentage point of gross domestic product (GDP). 
Investment is fixed, so that the balance between 
savings and investment is restored by an increase 
in domestic and foreign savings. 
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Table 1  CGE Simulation Results from the Elimination of Import Tariffs 
  
Base values  
(in billions of rand) 
Percentage change 
 from base year 
Real GDP  888  0.4 
CPI  -  -0.6 
Real exchange rate  -  -0.2 
Nominal exchange rate  -  0.0 
Exports (volume)  249  1.0 
Imports (volume)  225  2.0 
Trade balance  5% of GDP  -0.2
(a) 
Private savings  R154  1.2 
Government deficit  -1.9% of GDP  -0.7
(a) 
Investment (volume)  132  0.0 
Factor real returns     
Capital  -  1.9 
Low-skilled labour  -  0.0 
Skilled labour  -  0.0 
High-skilled labour  -  0.6 
Factor demand (in millions of workers)   
Low-skilled labour  3.6  0.6 
Skilled labour  2.7  0.7 
High-skilled labour  1.1  0.3 
Note: (a) Changes are expressed in percentage points of GDP. 
 
 
Table 2  Simulation Results from the two alternative specifications of the MS Model (percentage change 




Behavioural approach  Reweighting approach 
All  Blacks Coloureds  Asians  Whites  All  Blacks Coloureds  Asians  Whites 
Inactive
(a)  28,032  -0.1  -0.1  -0.1  -0.2  -0.3  -0.1  -0.1  -0.1  -0.1  -0.2 
Unemployed
(a)  3,806  -0.4  -0.4  -0.6  -0.9  -0.9  -0.3  -0.2  -0.6  -0.4  -0.6 
Subsistence agriculture
(a)  736  -0.1  -0.1  -0.1  0.0  -0.1  -0.2  -0.2  -0.6  -0.5  -0.2 
Informal workers
(a)  3,357  -0.2  -0.2  -0.4  -0.1  0.6  -0.4  -0.3  -0.7  -0.7  -0.8 
Formal workers
(a)  7,307  0.6  0.7  0.6  0.5  0.4  0.6  0.7  0.6  0.4  0.4 
Real income per capita
(b)  11,098  0.8  0.8  0.6  0.6  0.8  0.7  0.8  0.7  0.6  0.6 
Headcount Index
(c)  29.0  -1.1  -1.1  -0.8  0.0  0.0  -0.8  -0.8  -1.1  -0.8  -0.6 
Poverty Gap Index
(c)  11.3  -2.0  -1.9  -4.4  -9.9  -13.6  -1.1  -1.1  -1.8  -1.0  -3.3 
Gini  0.67  -0.1  -0.2  -0.2  -0.1  0.1  0.0  0.0  -0.1  0.1  0.2 
Notes: (a) Base values in thousands; (b) Average real disposable income per capita in Rand per year; (c) The 
poverty line is the international $2/day poverty line (R2,088/year/capita in 2000 prices). 
 
 
resulting  from  falling  import  prices,  causes 
nominal  earnings  of  skilled  and  low-skilled 
workers to fall because the latter are indexed to 
the  CPI  (to  account  for  high  unemployment 
levels).  Therefore,  their  relative  competitiveness 
improves,  which  results  in  a  downward  pressure 
on  unemployment.  Employment  goes  up  by  0.6 
and 0.7 per cent for low-skilled and skilled labour 
respectively.  The  0.4  per  cent  economic  growth 
induced by trade liberalisation calls for more use 
of the two scarce production factors. As a result, 
real returns to capital and high-skilled labour rise 
substantially  (by  1.9  and  0.6  per  cent 
respectively). 
 
4.2 Microsimulation results 
Table 2 presents the effects of trade liberalisation 
at the household level for the entire South African 
population,  by  racial  group  and  for  the  two 
alternative „top-down‟ approaches.  
 
The  first  five  rows  describe  changes  in  the 
distribution  of  the  population  across  the  labour 
market  categories  considered  in  the  model.  The 
change in the total number of formal workers is 
the  same  in  both  approaches  because  it  is 
determined by the CGE model and then imposed 
on the MS model. However, this is done differently 
in  both  approaches,  which  explains  why  the 
distribution  of  these  new  jobs  across  the 
population  is  different.  In  the  reweighting 
approach, some „weight‟ taken away from the rest 
of the population is used to increase the sample 
weights of formal workers in order to reflect the 
increase in formal employment estimated by the 
CGE model. The detailed patterns of these weight 
transfers  are  unknown  but  Table  2  presents  the 
final  result.  Interpretation  is  easier  in  the 
behavioural  approach  because  changes  are 
traceable at the individual level. For example, it is 
possible  to  produce  transition  matrices  and  to 
identify all new formal workers.
11 
 
The  two  approaches  differ  in  the  way  the 
expansion of formal employment is accounted for. 
In the reweighting approach, it leads to a larger 
decline  in  the  number  of  informal  workers  and 
subsistence  agricultural  farmers  but  to  a  smaller 
decrease in the number of unemployed than under 
the behavioural approach. This can be seen as a HÉRAULT     Sequential Linking of Computable General Equilibrium and Microsimulation Models     40 
 
bias  introduced  by  the  reweighting  approach 
because  unlike  the  behavioural  approach  it  does 
not seek to control explicitly and comprehensively 
for the individual characteristics of the new formal 
workers.  For  example,  the  selection  model,  on 
which the behavioural approach is based, clearly 
shows  that  subsistence  agricultural  farmers  are 
very unlikely to become formal workers essentially 
because they live in remote areas and do not have 
the qualification and education required to work in 
this sector. By contrast, the model shows that the 
unemployed are much better candidates for these 
jobs.  These  factors  are  largely  ignored  in  the 
reweighting  approach.  Indeed,  the  only  criteria 
that matter in this approach are the ones explicitly 
controlled for in the reweighting procedure. In this 
application, it is race, gender, age and skill. This 
means  that  when  the  reweighting  procedure 
increases  the  sample  weight  of,  for  example,  a 
29-year-old high-skilled white man working in the 
formal sector, it will seek to decrease the sample 
weight  of  another  29-year-old  high-skilled  white 
man  (not  working  in  the  formal  sector)  by  the 
same amount (in order to keep the population size 
and  composition  constant).  In  this  process,  all 
other individual and household characteristics are 
ignored.
12  Likewise,  additional  results  not  shown 
here indicate that the reweighting approach tends 
to  overestimate  the  number  of  partnered  men 
among the new formal workers compared to the 
behavioural  approach.  Indeed,  the  behavioural 
results  show  that  partnered  men  are 
underrepresented  among  new  formal  workers, 
compared  to  their  initial  share  in  formal 
employment. This result was somewhat expected 
given  that  already  more  than  two  thirds  of  the 
partnered men were formal workers at the time of 
the household survey. 
 
The second part of Table 2 presents the results in 
terms  of  income,  poverty  and  inequality.  Both 
approaches lead to similar overall increases in real 
per capita income. These increases are driven by 
the creation of formal jobs, the falling consumer 
prices and the increase in factor returns for capital 
and high-skilled labour.  
 
Before  discussing  the  poverty  results  in  more 
detail, it is useful to give some information about 
the extent of poverty in South Africa. According to 
the IES and LFS 2000, slightly more than 29 per 
cent of the population live below the international 
$US2/day  poverty  line,  which  measures  extreme 
poverty  in  the  South  African  context.  However, 
poverty affects almost only blacks. They represent 
about  80  per  cent  of  the  population  but  they 
account for more than 95 per cent of all poor and 
more than 35 per cent of all blacks are poor. In 
contrast, poverty is virtually non-existent amongst 
Asians  and  whites  despite  the  relatively  high 
incidence  of  poverty  at  the  national  level. 
Moreover, the Poverty Gap Index
13 values indicate 
that poor blacks are much more deeply in poverty 
than  poor  people  from  other  racial  groups.  On 
average,  the  poverty  gap  is  14  per  cent  of  the 
poverty  line  for  blacks  while,  for  instance,  the 
average  shortfall  is  only  3.2  per  cent  for 
coloureds. 
 
Trade liberalisation is pro-poor essentially because 
it leads  to  the  creation of  skilled  and  low-skilled 
formal  jobs  and  to  a  decrease  in  the  consumer 
price index. However, poverty reduction is smaller 
under  the  reweighting  approach.
14  This  result  is 
driven  by  the  differences  in  labour  market 
changes described above. The fact that under the 
behavioural approach there are more unemployed 
people  and  fewer  informal  workers  going  to  the 
formal sector leads to a larger decline in poverty 
than  under  the  reweighting  approach.  The 
explanation  is  that  poverty  incidence  is  higher 
among  the  unemployed  than  among  informal 
workers. 
 
Comparing the impacts on income inequality, the 
limited  dampening  effect  found  under  the 
behavioural  approach  at  the  national  level 
disappears  under the  reweighting  approach.  This 
is due to the lower poverty reduction found under 
the reweighting approach. The increase in skilled 
and  low-skilled  formal  employment  puts 
downward  pressure  on  inequality  but  this  is 
largely offset by the increase in factor returns for 
capital and high-skilled labour, which are the two 
main income sources of high-income households. 
Under  the  behavioural  approach,  the  labour 
market changes are more pro-poor than under the 
reweighting  approach  and  are  thus  not  entirely 





This  paper  discusses  two  „top-down‟  alternative 
approaches to link a CGE model to a MS model in 
a  sequential  manner.  The  two  approaches  are 
identical except in the way employment changes 
are  transferred  from  the  CGE  to  the  MS  model. 
This is an important aspect of this type of model 
since  the  aim  of  linking  a  MS  model  to  a  CGE 
model usually is to gain insight regarding income 
distribution  issues  (by  avoiding  the  use  of 
representative agent assumptions). Indeed, labour 
market  changes  generally  generate  most  of  the 
impacts on income distribution. This is the case, 
for instance, in the simulation carried out in this 
paper to compare the two approaches. 
 
An  application  of  both  approaches  to  assess  the 
impact of trade liberalisation in South Africa does 
not  reveal  major  differences  in  the  results. 
However, the simpler and more recent approach, 
that  is  the  reweighting  approach,  seems  to 
introduce  a  bias  in  labour  market  changes 
compared  to  the  behavioural  approach  based  on 
micro-econometric  models.  In  the  application 
carried  out  in  this  paper,  trade  liberalisation 
appears  less  pro-poor  under  the  reweighting 
approach  as  the  result  of  this  bias  in  labour 
market  changes.  For  the  same  reason,  total 
income  inequality  remains  unchanged  at  the 
national  level  under  the  reweighting  approach HÉRAULT     Sequential Linking of Computable General Equilibrium and Microsimulation Models     41 
 
while  it  declines  slightly  under  the  behavioural 
approach. 
 
More  generally,  the  main  advantage  of  the 
behavioural  approach  is  that  it  allows  a  clear 
identification  of  the  winners  and  losers  following 
changes  in  employment  and  unemployment. 
Under  this  approach,  all changes  in  occupational 
choices are traceable at the individual level. This 
is  not  possible  under  the  reweighting  approach 
since all household members retain their original 
labour force status and occupation. However, the 
latter  is  simpler  to  implement  since  unlike  the 
behavioural  approach  it  does  not  require  the 
estimation of an econometric model. In addition, it 
is more flexible in the sense that it can be used 
not  only  to  reproduce  employment  changes  but 
also to reflect changes in the base population. This 
feature  is  of  particular  interest  when  there  is  a 
need to account for changes in the demographic 
characteristics  of  the  population,  such  as  those 
caused  by  ageing  (as  in  Buddelmeyer  et  al., 
2008). 
 
Although the application of both approaches to a 
typical  trade  liberalisation  scenario,  using  South 
African  data,  has  shown  that  the  reweighting 
approach  may  lead  to  an  underestimation  of 
distributional  changes,  it  still  gives  a  good 
indication of the direction of the changes obtained 
under  the  behavioural  approach.  In  this  context 
and given its relative simplicity compared to the 
behavioural  approach,  the  reweighting  approach 
could constitute a good alternative when data or 
time  constraints  do  not  allow  the  use  of  the 
behavioural approach and when the production of 
individual-level  transition  matrices  in  and  out  of 
employment is not essential.  
 
A  potential  extension  could  see  both  approaches 
as  complementary  if  the  interest  lies  in  the 
estimation  of  behavioural  responses  at  a  distant 
point  in  the  future.  In  this  particular  case,  the 
reweighting approach could be used to account for 
the  projected  changes  in  the  demographic 
characteristics  of  the  base  population,  while 
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1   Moreover,  the  size  of  the  model  can  quickly 
become problematic and force the modeller to 
impose  some  simplifications  either  on  the 
complexity  of  microeconomic  household 
behaviours or on the size of the CGE model. 
2   A  set  of  recent  applications  can  be  found  in 
Hertel and Winters (2006). 
3   Chemingui  and  Chokri  (2008)  present  an 
application  to  Tunisia  as  well  as  a  brief 
literature review of other recent applications. 
4   Alternatively,  the  estimated  probabilities  can 
be  used  to  form  queues  in  and  out  of 
employment as in Savard (2006). 
5   For more detail about how the base file of a MS 
model  can  be  reweighted  following  the 
approach  by  Deville  and  Särndal  (1992),  see 
Cai et al. (2006).  
6   The  following  sections  focus  on  the 
transmission of employment changes from the 
CGE to the MS model since the two alternative 
linking approaches described here are identical 
regarding all other aspects. These aspects are 
discussed  in  detail  in  Hérault  (2006a,  2006b 
and 2007). 
7   Three skill levels are distinguished: low-skilled, 
skilled  and  high-skilled.  Note  that  the  CGE 
model does not include the informal sector (see 
below). 
8   In  fact,  the  process  is  slightly  more  complex 
since  inflows  and  outflows  from  employment 
can  occur  at  the  same  time.  The  MS  model 
allows  some  people  to  find  a  formal  job  and 
others to lose their formal job independent of 
whether the CGE model predicts an increase or 
a  decrease  in  the  aggregate  number.  The 
consistency  constraints  concern  only  the 
aggregate results of the MS model because the 
CGE model only returns numbers at the macro 
level.  See  Hérault  (2006a,  2006b)  for  more 
detail. 
9   Note that there is no constraint regarding the 
geographical  distribution  of  the  population, 
which  means  that  the  model  allows  for 
migrations across the South African provinces. 
10  A detailed presentation of the CGE model and 
its  results  can  be  found  in  Hérault  (2006a, 
2006b).  
11  Transition  matrices  are  provided  in  Hérault 
(2006b)  for  this  particular  simulation  and  in 
Hérault  (2007)  for  a  slightly  different 
simulation. 
12  In theory, it would be possible to account for a 
larger  set  of  individual  and  household 
characteristics  in  the  reweighting  procedure. 
However, there are limitations on the number 
of  constraints  that  can  be  used  in  calibrating 
the  new  weights.  With  more  constraints,  it 
becomes  more  difficult  to  find  matching 
individuals for weight transfers. In addition, it 
may  not  be  desirable  to  introduce  too  many 
constraints  because  it  reduces  the 
heterogeneity  of  new  entrants  in  the  formal 
sector. 
13  The  Poverty  Gap  Index  is  the  mean  shortfall 
below the poverty line (counting the non-poor 
as  having  zero  shortfall),  expressed  as  a 
percentage of the poverty line. 
14  This result is not sensitive to the choice of the 
poverty line. The same result is obtained with 
the $US1/day poverty line as well as with three 
other poverty lines in use in South Africa (see 
Hérault, 2006b). 
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